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The earlier the 

better

The longer therapy is delayed, the 

lesser the chance that it will be 

successful. 



The effect of time can vary 

greatly among patients



Pathophysiology of ischaemic stroke

ISCHAEMIC BRAIN INJURY RESULTS 

FROM A COMPLEX SEQUENCE OF 

PATHOPHYSIOLOGICAL EVENTS 

EVOLVING OVER TIME AND SPACE

The spatial pattern of cerebral blood flow 

(CBF) reduction following middle cerebral 

artery (MCA) occlusion, demonstrating a 

gradient from ischaemic core (red) through 

to penumbra and oligaemia (blue) to 

normally perfused cortex (grey). Values 

indicate approximate CBF in ml 100 g/min



PENUMBRA -MRI

Diffusion Weighted Image 

Yellow area  CORE

Perfusion Weighted Image 

Red area  hypoperfused 

tissue

Blue area  MISMATCH 

DWI-PWI = penumbra

DWI PWI



PENUMBRA – perfusion CT



Penumbra

“Penumbra patterns” are likely to 

be found in the early

hours after stroke onset but may 

also be seen up to 24 hours.



VERY DIFFERENT 

MISMATCH PROFILES 

In TWO PATIENTS 



Timing for thrombolysis

2019

3hs 43 hs 4.5 hs 9 hs

DEFUSE

Time line of major 

IV tPA trials



As compared with patients given placebo, 

patients treated with t-PA were at least 30 

percent more likely to have minimal or no 

disability. Symptomatic intracerebral 

hemorrhage within 36 hours after the onset 

of stroke occurred in 6.4 percent of patients 

given t-PA but only 0.6 percent of patients 

given placebo (P 0.001). Mortality at three 

months was 17 percent in the t-PA group and 

21 percent in the placebo group (P 

0.30).

Conclusions

Despite an increased incidence of 

symptomatic intracerebral 

hemorrhage, treatment with 

intravenous t-PA within three 

hours of the onset of ischemic 

stroke improved clinical outcome 

at three months.



THE LANCET, 2004

Odds ratio for a favourable outcome at 3 months after stroke

The sooner that rt-PA is 

given to stroke patients, 

the greater the benefit, 

especially if started within

90 min. Our results 

suggest a potential 

benefit beyond 3 h, but 

this potential might come 

with some risks.



Timing for thrombolysis

2019

3hs 43 hs 4.5 hs 9 hs

DEFUSE

Time line of major 

IV tPA trials



N Engl J Med 2008

Conclusions

As compared with placebo, intravenous alteplase administered between 3 

and 4.5 hours after the onset of symptoms significantly improved clinical 

outcomes in patients with acute ischemic stroke; alteplase was more 

frequently associated with symptomatic intracranial hemorrhage



Lancet 2014; 384: 1929–35

Emberson et al 



Within 6 hours

6 hours
Up to 16-
24 hours

2015 2018

ENDOVASCULAR TREATMENT FOR LARGE VESSEL 

OCCLUSION STROKE 









Disability free-survival at three months
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Within 6 hours

6 hours
Up to 16-
24 hours

2015 2018

DAWN

DEFUSE III



DAWN

DEFUSE 

III



HERMES = 

metanalysis 

of all trials 

published in 

2015



327 pz treated beyond 6 hours ( 6-24)

Functional independence ( mRS 0-2)  was achieved at the 90-day follow-up  by 41.3 % of cases. 

The proportion of stroke patients with complete recovery or minimal disability at 3 months  ( mRS =0-1)  

was 26.9%. Three-month case fatality rate was 17.1 %. Symptomatic intracranial hemorrhage occurred in 

22 patients ( 6.7%). 

The main finding of our real-world study is that MRI or CTP imaging based endovascular therapy in 

patients with acute ischemic stroke treated beyond 6 hours from onset can be performed with a safety 

profile that is similar to that observed in patients treated earlier. 

Patients receiving ET beyond 6 hours achieved outcomes comparable to DAWN and DEFUSE-3 eligible 

patients. These data indicate that a larger population of patients could benefit from ET in an expanded 

time window, in real-world settings.

.



N Engl J Med, May 9, 2019.

CONCLUSIONS

Among patients who had ischemic stroke and salvageable brain tissue, the

use of alteplase between 4.5 and 9.0 hours after stroke onset or at the time the patient 

awoke with stroke symptoms resulted in a higher percentage of patients with no or 

minor neurologic deficits than the use of placebo. There were more cases of 

symptomatic cerebral hemorrhage in the alteplase group than in the placebo group.







Guidelines of the European Stroke 

Organization

 In patients with ischaemic stroke of 4.5 to 9 hours 
duration, and with CT or MRI perfusion/core 
penumbra mismatch, and for whom mechanical 
thrombectomy is not planned, we suggest alteplase 
over no alteplase

 In patients with….., and without advanced imaging, 
we recommend no alteplase over alteplase




